Rest and exercise radionuclide angiocardiographic measurements of left ventricular function were obtained in 496 patients who underwent cardiac catheterization for chest pain. Two hundred forty-eight of these patients also had an exercise treadmill test. An ejection fraction less than 50% was the abnormality of resting left ventricular function that provided the greatest diagnostic information. In patients with normal resting left ventricular function, exercise abnormalities that were optimal for diagnosis of coronary artery disease were an ejection fraction at least 6% less than predicted, an increase of greater than 20 ml in end-systolic volume and the appearance of an exercise-induced wall motion abnormality. The sensitivity and specificity of the test were lower in patients who were taking propranolol at the time of study and in patients who failed to achieve an adequate exercise end point. In the 387 patients with an optimal study, the test had a sensitivity of 90% and a specificity of 58%. Radionuclide angiocardiography was more sensitive and less specific than the exercise treadmill test. The high degree of sensitivity of the radionuclide test suggests that it is most appropriately applied to patient groups with a high prevalence of disease, including those considered for cardiac catheterization.
MYOCARDIAL FUNCTION is closely linked to coronary blood flow, and loss of function is an early consequence of myocardial ischemia.' Rest and exercise studies using contrast and radionuclide ventriculograms suggest that exercise-induced functional abnormalities appear with sufficient consistency to be useful for the diagnosis of coronary artery disease in patients with chest pain.2 6 However, none of these preliminary reports included a large number of patients with chest pain studied before cardiac catheterization. Moreover, the range of normal hemodynamic response was usually derived from a small group of patients with normal coronary arteriograms or from young, asymptomatic volunteers.
Between 1969 and 1976, quantitative radionuclide angiocardiography (RNA) was used to measure left ventricular function at rest in 623 patients at Duke University Medical Center, providing an extensive experience with RNA before the present study. Since 1977, a standard procedure has been used to measure left ventricular function during rest and exercise. This report summarizes our 3-year experience in patients with chest pain studied by rest and exercise RNA and cardiac catheterization. The data are used to derive optimal criteria for differentiating normal and abnormal left ventricular responses during exercise and to define the diagnostic accuracy of these measurements compared with coronary arteriography.
Methods

Study Population
Between January 1, 1977 and December 31, 1979, 1474 patients with chest pain underwent cardiac catheterization and coronary arteriography at Duke University Medical Center. Rest and exercise RNA were performed within 3 months of catheterization and arteriography in 556 (38%) of these 1474 patients. Sixty of these patients were excluded from this analysis because of previous cardiac surgery or concomitant valvular or congenital heart disease. The remaining 496 patients formed the study group. An exercise treadmill test (ETT) had been performed within 3 months of catheterization and arteriography in 248 of the 496 patients. Both the RNA and the ETT subgroups reflected a representative sample of all 1474 patients who presented with chest pain during this interval (table 1) .
Cardiac catheterization included right-and leftheart pressure measurements, biplane left ventriculograms, and selective coronary arteriograms in multiple views. Arteriograms were reviewed and interpreted by four cardiologists who were not investigators in this study. Coronary arteries were considered normal if no disease was apparent. At least 75% of the luminal diameter of at least one major coronary artery was required to diagnose significant coronary artery disease. Stenoses of less than 75% of the vessel diameter were considered insignificant. Peripheral bruits 11 10 11 Treadmill performed 64 73* *p < 0.002; all other differences not significant. Abbreviations: cathcatheterization and coronary ETT = exercise treadmill test.
A Bruce multistage protocol was used for the ETT. Exercise was terminated with the onset of severe fatigue, moderate chest pain, serious arrhythmias or at 85% of the age-predicted target heart rate. 7 STsegment changes that were considered positive included horizontal and downsloping ST-segment depression of 0.1 mV or greater and persisting for at least 0.08 second, ST-segment elevation of 0.1 mV or more than the control tracing in any lead except aVR, and in the presence of ST-segment depression in the control tracing, an additional depression of at least 0.2 mV. In the absence of these changes, the test was considered negative in subjects who achieved 85% of the maximal heart rate predicted by nomogram. When this end point was not achieved, a negative test was considered inadequate. Catheterization and ETT were performed as indicated for patient care and results were entered into the cardiology data bank at this institution by physicians who were not investigators in this study.
Radionuclide Angiocardiographic Technique
RNA was performed during rest and exercise by a previously described protocol.8 In preparation for the procedure, each patient had a short, 20-gauge Teflon i.v. catheter placed percutaneously into an external jugular or antecubital vein. ECG leads were placed on the chest and a sphygmomanometer cuff was placed on the arm that was not used for injection. Subjects arteriography; RNA = radionuclide angiography; were seated in the erect position on a bicycle ergometer (Fitron, Lumex, Inc.). A resting blood pressure and eight-lead ECG were recorded. To acquire the rest RNA, 15 mCi of technetium-99m pertechnetate were injected as a bolus and counts were recorded at 25-msec intervals for a 30-second period using a multicrystal gamma camera (System Seventy-Seven, Baird Inc.). Exercise was begun at a work load of 200 kpm/min and was increased by 100-kpm/min increments every minute. The ECG was continuously monitored and blood pressure was recorded at 2minute intervals during exercise and after recovery. Exercise was continued until pain suggestive of myocardial ischemia, ECG evidence of ischemia, severe fatigue or shortness of breath, or achievement of 85% of predicted maximal heart rate. At the onset of any of these end points, an angiogram was obtained using a second bolus injection of 15 mCi of technetium-99m, and exercise was continued for the 30 seconds of data acquisition.
All RNA data were processed using the software developed at this institution and were then incorporated into the Baird-Atomic System Seventy-Seven clinical software packages. Details of this data processing have been published.9' 10 The curve of count changes in the left ventricle was used to identify enddiastolic (ED) and end-systolic (ES) times of individual beats when the tracer bolus passed through the left ventricle. Data from three to six individual 587 beats were superimposed while retaining their basic relationship to the cardiac cycle. This resulted in a single average or representative cardiac cycle. Left ventricular ejection fraction (EF) was calculated from the background corrected representative cycle as (ED counts -ES counts)/ED counts. A computer program outlined the ED and ES perimeters at the 21% isocount contour of the ED image. The aortic valve plane was identified from dynamic images and by isolation of the zone demarcating alternate count increases and decreases during diastole and systole. The area and length of the ED image were obtained using a sonic digitizing device (Graf-Pen) coupled to a PDP-11/45 computer. The left ventricular ED volume (EDV) was calculated by the area-length method of Dodge and Sandler."1 All other hemodynamic measurements were derived from the EF and EDV by accepted relationships.
Regional wall motion was assessed using static images and a cinematic display of the entire representative cycle. In addition, an image reflecting the fractional count-loss during systole was generated by subtracting the ES image from the ED image and dividing by the ED image. These images were displayed using a 16-color scale so that each color represented a 6.25% difference in regional EF. All images were divided into three zones, representing the anterior, apical, and inferior walls of the left ventricle, and wall motion was subjectively categorized as normal, hypokinetic, akinetic or dyskinetic in each region. An exercise-induced wall motion abnormality was defined"as the appearance of a wall motion abnormality not present at rest or an increase in severity of extent of a wall motion abnormality present at rest.
Approach to Determination of Optimal Diagnostic Criteria
The initial objective of this study was to define the criteria that optimize the diagnostic information of the rest and exercise measurement of left ventricular function by RNA. For this purpose, patients with insignificant coronary artery disease, patients taking propranolol within 24 hours of study and patients not achieving adequate exercise were excluded. Adequate exercise end points for RNA were defined as chest pain suggesting ischemia, ECG ischemic change, heart rate at least 85% of predicted maximum or exercise duration of at least 5 minutes. One hundred fifty-six patients did not meet these end points and were excluded. The group used to' define optimal RNA criteria included 340 patients (268 men and 72 women), of whom 56 (28 men and 28 women) had normal coronary arteries and 284 (240 men and 44 women) had coronary artery disease by catheterization and coronary arteriography. The sensitivity (the frequency of a true-positive test in the patients with coronary artery disease) and the specificity (the frequency of a true-negative test in the patients without coronary artery disease) were calculated for a resting EF of 45-55% and for resting wall motion abnormalities in this group. The 11'1 patients with resting EF less than 50% were then excluded and the remaining 229 patients (173 men and 56 women) with normal resting EF were assessed for the criteria of exercise left ventricular function that optimized the diagnosis of coronary artery disease.
The initial study from this laboratory suggested that a 5% or greater rest-to-exercise increase in EF represented a normal left ventricular response to stress.4 The sensitivity and specificity of this value as the lower limit of normal was calculated for the 229 patients. Subsequently, multivariable analysis in 60 patients with chest pain and normal coronary arteries and no other evidence of cardiac disease defined sex, resting EF and rest-to-exercise change in end-diastolic volume index (EDVI) to be important in predicting the magnitude of normal increase in left ventricular EF during exercise.`2 The equation predicting the change in EF during exercise (AEF) for men was L1EF = 0.45 -0.5 (EF at rest) -0.002 (AEDVI).
The equation predicting EF for women was AEF = 0.385 -0.5 (EF at rest) -0.002 (AEDVI).
These equations were used to calculate the expected change in EF during exercise in each patient in this study. The sensitivity and specificity of each 5% range of difference between observed and predicted exercise EF, each 5-ml increment of ES volume increase during exercise (AESV) and exercise-induced wall motion abnormalities were calculated in the group of 229 patients.
After determining the optimal diagnostic criteria for recognizing coronary artery disease by rest and exercise measurements of left ventricular function, these criteria were applied to the entire population and to selected subgroups of the population.
Statistical Analysis
Differences in clinical characteristics for the group studied were compared by chi-square analysis. Individual changes in hemodynamic measurements from rest to exercise were compared by the paired t test.
Results
No important differences were observed in cardiac function, coronary anatomy or subsequent cli'nical course among the three groups (table 2). In '496 patients who underwent RNA, 75 (15%) had completely normal coronary arteries and 50 (10%) had atherosclerotic changes of the coronary arteries that did not cause a 75% or greater occlusion of the diameter of a major coronary artery. Three hundred seventy-one of the patients (75%) had coronary artery disease: 96 (19%) had one-vessel disease, 119 (24%) had two-vessel disease, 128 (26%) had three-vessel disease and 28 (6%) had left main coronary artery disease. Abbreviations: cath = catheterization and coronary arteriography; RNA = radionuclide angiography; ETT = exercise treadmill test; LV = left ventricular; CAD = coronary artery disease. .45
CIRCULATION
.50 .55 FIGURE 1. Calculations of the sensitivity and specificity of a resting ejection fraction ranging from 45-55% suggest that 50% is the lower limit of normal for this measurement.
Definition of Criteria of Abnormal Left Ventricular Function
In the study group of 340 patients, which excluded those with insignificant coronary artery disease, those on propranolol and those with inadequate exercise, the sensitivity and specificity of an abnormally low resting EF were calculated, considering the lowest normal resting EF to be 45-55% ( fig. 1 ). A resting EF of 50% or greater provided the maximum sum of sensitivity and specificity, and this value was defined as the lower limit of normal. The sensitivity and specificity for resting EF less than 50%, resting wall motion abnormality, and combinations of these resting abnormalities were calculated for the 340 patients (table 3) . A resting wall motion abnormality proved more sensitive and specific than the resting EF. However, all but seven patients with coronary artery disease who had a resting EF less than 50% also had a resting wall motion abnormality. Moreover, only one man and three women with resting wall motion abnormalities failed to develop subsequent abnormalities on exercise left ventricular function measurement. Wall .20 FIGURE 2. The sensitivity and specificity of differences between the actual exercise ejection fraction and that predicted by calculation suggests that a difference of 5% is the lower limit of normal.
SPECIFICITY
.201-. / 50 40 30 20 10 0 ml motion analysis contributed more diagnostic information than EF when rest measurements were considered alone but less when the rest and exercise measurements were considered together.
The 111 patients with resting EF less than 50% were excluded, and the remaining 229 patients (173 men and 56 women) with a normal resting EF were assessed for the criteria of exercise left ventricular function that optimized the diagnosis of coronary artery disease. The sensitivity and specificity of the difference between the EF observed during exercise and that predicted by calculation was examined in 5% increments over the range from -0.40 to 0.20 (fig. 2 ). The optimal difference between observed and predicted EF during exercise to indicate the absence of disease was 5%. Therefore, any patient whose exercise EF was 6% or more below that predicted was considered to have coronary artery disease.
The sensitivity and specificity of an increase in ESV during exercise was examined over the range of no in- FIGURE 3 . The sensitivity and specificity of an exercise increase in end-systolic volume were calculated over 0-50 ml. No level of end-systolic volume increase provided a greater combined sensitivity and specificity than that derived from the exercise ejection fraction. Therefore, an increase of 20 ml was selected to reflect the upper limit of normal that provided a criterion with low sensitivity but greater specificity. crease to a 50-ml increase during exercise ( fig. 3 ). A 10-ml increase in ESV provided a 65% sensitivity and a 65% specificity, and this level would have provided the optimal diagnostic information if this criterion were used. However, requiring the ESV to increase during exercise by at least 21 ml to indicate disease reduced the sensitivity to 46% but increased the specificity to 88%. The sensitivity and specificity of these and other criteria of left ventricular function during exercise that might aid in diagnosis of CAD are shown in table 4. Data from the 28 men and 28 women who achieved an adequate exercise end point, who were not taking propranolol at the time of study, and who had completely normal coronary arteries by arteriography illustrate the normal hemodynamic response to exercise. Each of these 56 patients was catheterized primarily for chest pain that was considered typical angina in 10 (18%), atypical in 30 (54%) and nonanginal in 16 (28%). Exercise end points of the RNA study were the achievement of target heart rate in 21 men and 18 women, ST depression in one man and one woman, chest pain in one woman, and fatigue after at least 5 minutes of exercise in six men and eight women. The heart rate increased from 81 ± 18 beats/min at rest to 154 ± 18 beats/min during exer. cise in men and from 90 ± 18 beats/min at rest to 151 ± 14 beats/min during exercise in women. Men and women had comparable mean systolic blood pressures at rest (120 ± 25 vs 126 ± 22 mm Hg) and during exercise (164 ± 28 vs 164 + 26 mm Hg). In men, the resting cardiac output increased from 6.1 + 1.5 1/min to 16.7 ± 4.6 1/min during exercise. Women had a resting cardiac output of 5.8 + 2.2 1/min, which increased to 1 1.1 ± 4.2 1/min during exercise. During exercise, the left ventricular EF, EDV and stroke volume increased and the ESV decreased for the entire group of men, with only a small amount of individual variation ( fig. 4 ). In contrast, women showed a large amount of individual variation and no group increase in left ventricular EF during exercise EJECTION FRACTION ( fig. 5 ). The average EDV and stroke volume increased for the group of women with normal coronary arteries, but the ESV did not change significantly. Individual variation in the change of left ventricular volumes during exercise was greater in women than in men.
Description of Left Ventricular Response to Exercise in Patients with Coronary Artery Disease
Data from the 229 patients (173 men and 56 women) with normal resting EF, adequate exercise, no propranolol and coronary artery disease illustrate the hemodynamic response to exercise in patients with this disorder. The average left ventricular EF did not change during exercise in men with one-vessel disease, but decreased in patients with two-vessel, three-vessel and left main coronary artery disease ( fig. 6 ). In contrast to a normal exercise decrease in ESV, an increase in ESV occurred during exercise in men with coronary artery disease ( fig. 7) . The EF during exercise decreased in 16 women with one-vessel disease but did not change significantly in 16 women with multivessel disease ( fig. 8 ). The ESV increased during exercise in women with one-vessel disease but did not change significantly in women with multivessel disease ( fig. 9 ). However, all women showed a large amount of individual variation in EF and ESV. by arteriography, 23 patients without adequate exercise end points, and 86 patients who were taking propranolol at the time of study. The criteria derived were then applied to the entire population to assess the influence of anatomic extent of disease, exercise end point, propranolol use, and abnormal resting left ventricular function on the diagnostic use of the test. Rest and exercise RNA were considered to indicate the presence of coronary artery disease if the resting EF was less than 50% or the resting EF was 50% or greater and the exercise EF was 6% or more below that predicted, the ESV increased more than 20 ml during exercise, or a wall motion abnormality appeared during exercise.
Influence of Exercise End Point on Diagnosis
Application of these criteria to the entire population of 496 patients with a disease prevalence of 75% resulted in a sensitivity of 86% and a specificity of 58% (table 5). The specificity of the test was similar for each exercise end point assessed. Sensitivity was only 70% in the patients who did not meet an adequate exercise end point and only 83% for the end point of an exercise duration of at least 5 minutes. Studies in patients who achieved at least 85% of target heart rate had a sensitivity of 87%. Angina during the procedure as an end point provided a test sensitivity of 91%. The development of ischemic changes on the ECG resulted in a RNA sensitivity of 96%.
Influence of Propranolol on Diagnosis
In 86 of the 473 patients with adequate exercise, propranolol was not discontinued before RNA. Concern about the severity of coronary artery disease was the primary reason for studies being performed while the patient was taking propranolol. The disease prevalence in this population was 90%, in contrast to 76% in all patients who achieved adequate exercise. Despite this higher disease prevalence, the sensitivity of the test was lower in patients who received propranolol (table 6). Exclusion of these patients from the population decreased the disease prevalence in the remaining 387 patients to 73%, but increased the sensitivity of the test to 90% without a change in specificity.
Influence of Abnormal Resting Left Ventricular Function on Diagnosis
In the 387 patients who achieved adequate exercise end points and who were not on propranolol at the time of study, the prevalence of a resting EF less than 50% was examined as a function of sex and number of diseased vessels on coronary arteriography ( fig. 10 ). population, the sensitivity of an exercise EF at least 6% less than predicted was 85% for men, 50% for women and 79% for the entire group. The frequency of this abnormality was greatest in men with three-vessel and left main coronary artery stenosis ( fig. 11 ). This abnormality was not frequently apparent in the seven women with three-vessel and the three women with left main coronary artery disease. The specificity of this abnormality was 78% in men, 48% in women, and 75% in the entire group. The appearance or worsening of a wall motion abnormality had a sensitivity of 56% in men, 38% in women, and 53% for the entire group. The specificity of this abnormality was 91% in men, 81% in women, and 86% for the entire group. The sensitivity of an exercise-induced wall motion abnormality increased with the anatomic severity of disease in men but was not related to the extent of disease in women ( fig. 12 ).
An increase in the ESV greater than 20 ml during exercise had a sensitivity of 48% for men, 34% for women, and 46% for the entire group. The specificity of this abnormality was 91% for men, 79% for women, and 85% for the entire group. The prevalence of this abnormality was greatest in men with three-vessel and left main coronary artery stenosis, but this relationship was not apparent in women (fig. 13 ).
The sensitivity of an abnormal exercise EF, an exercise-induced wall motion abnormality and an abnormal increase in ESV within an individual patient was 41% for men, 25% for women, and 39% for the entire population. The specificity of the presence of all three abnormalities on a study was 100% for men, 88%
for women, and 90% for the entire population. The prevalence of all three abnormalities increased with the anatomic extent of disease in men, but not in women ( fig. 14) .
Sensitivity and Specificity of RNA in All Patients With Adequate Study
The application of all abnormal criteria to the 387 patients who were not taking propranolol during study and who achieved an exercise end point resulted in a test sensitivity of 90% and a specificity of 58%. The frequency of a false-negative test was not related to the extent of disease in women, but was less common in men with one-or two-vessel involvement ( fig. 15 ). In contrast, only three of 47 men (6%) with threevessel disease and none of the 12 men with left main disease had a completely normal study.
Chest pain was considered to be typical angina in 190 and atypical angina in 115 of these 387 patients. Despite a higher disease prevalence in patients with typical angina, the sensitivity and specificity of the test was similar in both groups (table 7) .
Comparison of RNA and E1T
RNA and ETT were performed in 248 patients and FIGURE 14 . The prevalence ofan abnormal exercise ejection fraction (EF), end-systolic volume (ESV) and wall motion abnormality in the group ofpatients described in figure 11 . CAD = coronary artery disease.
considered to be present unless both tests were negative. Interpretation of either test being positive as indicative of disease would have yielded information similar to that obtained with RNA alone. The highest specificity was achieved when both tests were required to be positive to diagnose disease, but this application of the test provided an unacceptable sensitivity. The RNA and ETT were also compared by excluding all patients with either test inadequate, by interpreting only those individual tests when adequate, and by con- In 1878, C.S. Roy observed that an abrupt change in coronary perfusate from blood to saline caused rapid diminution in contractile force in an excised heart preparation." In 1935, Tennant and Wiggers used a device for measuring regional contraction and demonstrated abnormal function in myocardial segments made acutely ischemic by coronary artery occlusion."' More recent studies have demonstrated that myocardial ischemia can be detected within 1-2 seconds after a coronary occlusion"' and that ischemic ventricular dysfunction occurs several seconds thereafter."' In 1958, Muller and Rorvik'7 reported that patients with angiocardiography to measure left ventricular function during rest and exercise and have suggested that deterioration of left ventricular function during exercise is highly sensitive and specific for diagnosing coronary artery disease." '6, 18, 119 However, none of these studies represent a large group of patients presenting for diagnosis of chest pain. The purpose of this investigation was to review our 3-year experience with patients who underwent rest and exercise RNA and coronary arteriography and catheterization for the diagnosis of chest pain to define the optimal RNA criteria for diagnosing significant coronary artery disease and thereby evaluate the clinical value of this procedure.
The radionuclide procedure used in the present study was developed at this institution and has been performed in a standard fashion since January 1, 1977.20 The procedure provides accurate and reproducible measurements of left ventricular function during rest and exercise.21 22 The technique is easily performed during exercise in the erect position and, unlike equilibrium-gated techniques, provides real-time data of individual contractions when the radionuclide bolus is within the left ventricle.
Our results suggest that deterioration of left ventricular function frequently precedes electrocardiographic changes of ischemia. While several patients developed abnormality of the left ventricular function during exercise without ischemic changes on the ECG, 96% of patients with coronary artery disease and ischemia by ECG developed functional abnormalities. Upton et al.28 also observed that functional abnormalities occurred before electrocardiographic evidence of ischemia in 22 of 25 patients with coronary artery disease. Only eight of 183 patients with coronary artery disease had a positive ETT and negative RNA in contrast to 56 patients in the group with disease who had a positive RNA and a negative or inadequate ETT. However, the observation that a higher prevalence of disease occurred in patients with both the RNA and ETT positive compared with patients with only one of the two tests positive suggests some degree of independence of the two procedures.
The high sensitivity of exercise-induced abnormalities of left ventricular function was confirmed in this study. The definite difference in test sensitivity between men and women has not been described previously. The reason for this difference is not apparent from our data. As a group, the women attained the target heart rate with a shorter exercise duration than the men did. Perhaps a more gradual exercise protocol for women would elicit a left ventricular response more similar to that in men. However, the fact that the sensitivity of the test in women was not related to the anatomic extent of disease as it was in men suggests a more basic difference. At the present state of development, the procedure provides less diagnostic information in women than in men.
The specificity of the test in the present group of 496 patients is lower than that previously reported by Borer18 in 84 patients studied with supine exercise. However, Fischer's exact test showed no difference between the two studies in the number of normal subjects who decreased EF during exercise (none of seven women in Borer's study, nine of 28 in the present study, p = 0.18; none of 14 men in Borer's study, three of 26 in the present study, p = 0.32). In addition, patient selection included a higher percentage of males, a higher incidence of multivessel disease and greater number of patients with a low resting EF in the study by Borer. We have also observed a higher sensitivity and specificity of the RNA than in the present study in a population consisting of more males and of patients with more advanced disease. '9 The only criterion for patient selection in the present study was that the patient was initially referred for RNA and catheterization and coronary arteriography with a clinical diagnosis of coronary artery disease by one of the cardiologists at this institution. Patients who had undergone previous cardiac operations or who had concomitant significant valvular or congenital heart disease by catheterization were excluded. Some of the 496 patients studied also underwent echocardiography, but echocardiographic results were not used to exclude patients from study. We have demonstrated that the left ventricular response to exercise in patients with mitral valve prolapse is determined primarily by the presence or absence of coronary artery disease.24 Therefore, failure to exclude these patients should not appreciably bias the results of this study. Asymmetric septal hypertrophy is a more important cause of exercise-induced left ventricular dysfunction, and this abnormality was not present in any patient studied by echocardiography. Hemodynamic data at catheterization were not used to exclude patients from the study, but no patient had findings suggestive of pericardial constriction, pulmonary hypertension or left ventricular outflow obstruction. The similarity of the clinical characteristics of the 496 patients and the entire population of 1474 that underwent cardiac catheterization during this interval suggests that little bias appeared in the patient group available for study.
Because of the heterogeneous nature of coronary disease, a direct correlation between the anatomic extent of disease and the functional impairment of the ventricle during exercise could not be anticipated. The patient age, sex, level of exercise conditioning, previous cardiac medications, level of excitement, level of stenosis, caliber of patent vessels and amount of collateral flow are some of the many factors that might influence the response of the left ventricle during exercise stress.25 The variation in individual hemodynamic change during exercise observed in patients in this study grouped by similar anatomic extent of disease confirms this heterogeneous response.
However, in men, a definite trend is apparent with a greater functional deterioration during exercise in patient groups with most severe disease anatomically.
Port and colleagues26 demonstrated that most patients with low resting EF increase EF during exercise, even in the presence of coronary artery stenosis. They attributed this to the fact that few patients with extensive fibrosis and coexisting ischemia appear to follow a stable course and present for an elective 599 VOL 64, No 3, SEPTEMBER 1981 study. Therefore, use of exercise stress in patients with low resting EF does not enhance the diagnostic accuracy of the test. Patients with low resting EFs who decrease left ventricular function during exercise may be in a high-risk subgroup and ultimately prognostic information may be derived from the procedure in these patients. This hypothesis must be examined further.
If a normal test and exercise radionuclide angiocardiogram had been used to exclude patients from cardiac catheterization in the present series, 89 of the 410 patients who were not taking propranolol (22%) would not have undergone catheterization. In the 89 patients potentially eliminated from cardiac catheterization, 60 would not have had significant disease, representing 52% of all patients with normal and insignificant coronary artery disease in the study. Significant coronary artery disease would have been present in 29 of the 89 patients not catheterized, representing only 10% of all patients with coronary artery disease in the population. Moreover, 15 of these 29 patients had only one-vessel disease. All 29 patients who had coronary artery disease and a normal rest and exercise RNA are still living at a follow-up time of 6-30 months after the study. Use of a normal rest and exercise RNA to eliminate catheterization and arteriography would not have increased the total cost of diagnosis in the population. Although only one-fifth of the cardiac catheterizations would have been eliminated, the five-to-one cost ratio of catheterization and angiography to RNA at this institution suggests that the total cost of either approach to diagnosis would have been equivalent.
Definition of the sensitivity and specificity of a test in a known population is necessary for comparing the value of different approaches to diagnosis. However, the importance of a test to an individual patient is related to the level of certainty with which the procedure recognizes the presence or absence of disease. Rest and exercise RNAs in an individual patient should not be regarded simply as normal or abnormal. Patients with a greater magnitude or number of functional abnormalities during exercise have a much higher chance of disease than patients with a single abnormality or abnormalities that approach normal values. In the management of an individual patient, a definitely normal or abnormal test may hold great diagnostic importance, but a test bordering between a normal and an abnormal response will be of little clinical use. The fact that a large proportion of patients who undergo RNA fall into a clearly normal or abnormal group suggests that information from the procedure will be important to a large number of patients.
Almost all diagnostic methods have been scrutinized for agreement, including the clinical examination,' ECG,6-7 exercise ECG," and echocardiogram. § Even coronary angiography has been examined for observer variability.10'3 Nuclear cardiology is an example of the difficulty with agreement because interpretation of the results is inherently subjective. This is particularly so for technetium-99m pyrophosphate infarct imagingl" and thallium-201 myocardial perfusion imaging,16 which are visualized as gray-scale images or 16-scale color images. The purpose of this investigation was to assess intra-and interobserver agreement in reading thallium images at our institution and to propose a method of improving agreement.
Methods
Treadmill testing was performed using a modified Balke-Ware protocol with a speed of either 2.0 or 3.3 mph w.th the grade increased 5% every 2 or 3 minutes.16 Before exercise, a catheter was placed in an antecubital or hand vein. One and one-half to 2.0 mCi of thallium-201, followed by 10-15 ml of saline, were injected approximately 1 minute before symptomlimited maximal effort. Exercise was terminated at volitional fatigue, definite anginal pain, or significant
